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MAGNETRON OSCILLATOR FOR INSTRUCTION AND 
RESEARCH IN MI CROW A VE TECHNIQUES 
l. INTRODl:CTION 
1. Origin and Purpose of Investigation.-The microwave techniques 
which have gained considerable importance during the past few years 
developed gradually as a result of many researches in the field of 
ultra-high frequency oscillations carried out in the United States and 
abroad. The investigation herein described is a continuation of a num-
ber of experimental studies which have been carried out at the Engi-
neering Experiment Station of the University of Illinois .since 1923 in 
the ultra-high frequency range of from 60 megacycles to 400 mega-
cycles (A. = 5.0 to 0.75 meters). The following bulletins have been 
published by the Engineering Experiment Station ; also listed are theses 
and other articles describing the >vork carried on at the University of 
Illinois. 
"Investigation of Antennae by Means of Models," Bulletin No. 147, 
1925. 
"Short Wave Transmitters and Methods of Tuning," Bulletin 
No. 161 , 1927. 
"Investigation of Antennae and of Radio Transmission by Means 
of Models," Illinois State Academy of Science, Vol. 18, 1925. 
"Shielded Oscillator for Hertzian Waves," Physical Review, 
Vol. 29, 1927. 
"Influence of an Inductively Coupled Circuit on the Grid Current 
of a Barkhausen Oscillator," Master's Thesis, B. F. Carter, 1931. 
"Electron Oscillations in a Thermionic Tube," Master's Thesis, 
A. E. Abel, 1932. 
"Study of a Coupled Circuit Energized by Electron Oscillations," 
Master's Thesis, B. Singh, 1933. 
"Investigation of an Electronic Oscillating Space Charge Coupled 
With Parallel Wire System," Doctor's Thesis, J. C. Mace, 1940. 
The purpose of the present investigation was to develop a reliable 
microwave oscillator for the range of frequencies from 1700 to 5000 
megacycles, corresponding to wavelengths 17 to 6 centimeters, which 
would be convenient in laboratory work for instruction as "·ell as re-
search. It would have to be easily adaptable for a great range of 
experimental work such as demonstrating the properties of short elec-
tromagnetic waves, methods of measuring wavelengths, mapping radia-
tion field patterns, and propagation of waves in free space, along wires, 
concentric lines, or through guides. 
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Sufficient details are included in the description to enable teachers 
and investigators to build their own microwave oscillator. 
2. Acknowledgments.-This investigation has been carried on as 
part of the work of the Engineering Experiment Station under the 
general administrative direction of DEAN M. L. ENGER, Director of 
the Engineering Experiment Station and PROFESSOR ELLERY B. PAINE, 
Head of the Department of Electrical Engineering. The authors wish 
to expres_s their appreciation to DR. H. J. REICH, Professor of Elec-
trical Engineering for his suggestions and for the use of some of his 
apparatus. Acknowledgment is also due to MR. RoBERT N. WAGGENER, 
Research Technician of the Electrical Engineering Station, for his 
excellent work in producing magnetron tubes and for his assistance in 
carrying out the experiments, and to GEORGE H. PowERS, Senior Labo-
ratory Mechanic, for his skilful work in making the mechanical parts 
of the magnets and oscillator. 
II. MAGNETRON TUBES 
3. Development of Magnetron Oscillator.-The magnetron is in 
principle related to the positive grid oscillator. In the latter the func-
tion of the electric field at the grid is periodically to accelerate and 
decelerate electrons emitted by the cathode. In the magnetron a mag-
netic field instead of a grid serves this purpose. The magnetic field acts 
in conjunction with the electric field produced between filament and 
anodes so that the electrons change continuously the direction of their 
motion and are forced into spiral trajectories. 
A magnetron tube consists of an electrically-heated emitter of 
electrons, one or more anodes, usually of cylindrical form, surrounding 
the emitter, a source of high potential applied between cathode and 
anode, and a magnet for supplying the magnetic field directed co-
axially through the cylinder. The electrodes are enclosed in an evacu-
ated envelope. 
Since 1921 over two hundred papers have been published in dif-
ferent countries describing researches directly or indirectly connected 
with magnetron tubes. The main steps in the development which made 
possible the application of magnetrons for the production of micro-
waves were as follows: 
(a) The original cylindrical anode was split in two or more even 
segments, each pair connected by a loop for the purpose of providing 
a symmetrical tank circuit. 
(b) Means were introduced to control the space charge by the re-
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moval of excessive electrons. This was accomplished by tilting the 
magnetic field a few degrees (about 5 to 10 deg.) with respect to the 
cylindrical axis, thus causing the electrons to leave the cylindrical 
space in spiral trajectories. This space charge control was also made 
possible by attaching insulated end plates on both sides of the filament 
and applying to these an accelerating potential normal to the radial 
path of the electrons. 
( c) With increasing power, heat dissipatton had to be taken care 
of by increasing the heat radiating area of the electrodes, or by use of 
air cooling or water cooling. The cooling was best achieved by making 
the anode part of the envelope. 
(d) The efficiency of the magnetron tube was greatly improved by 
the application of properly-designed resonators coupled with the pri-
mary circuit in which the oscillations are produced. 
4. Construction of Magnetron Tube With External Loop (Type I). 
-In the attempt to construct a magnetron tube suitable for the pur-
pose of experimentation with microwaves it was clear that it would 
not be necessary to develop a high power tube. The conditions in a 
medium-sized laboratory are hardly applicable for utilizing radiation 
of intensities beyond those measurable with the usual deteetors and 
bolometers. The task was therefore reduced to the design of a com-
pact tube of about 10 watts input so constructed that its power could 
be controlled easily. This simplified the preparation of the tube and 
made unnecessary the use of facilities usually absent in a college labo-
ratory. For a skilled technician all that was necessary was that he 
have available a small spotwelder, a vacuum pump system capable of 
sustaining a pressure of about 10-5 mm. Hg, and a high frequency in-
duction furnace for heating the electrodes during the outgassing 
process. 
The construction and details of the tube are illustrated in Fig. 1. 
Figures la and lb give the general front and side views of the tube. 
The envelope A is made of pyrex 28-mm. tubing supplied with a 
19-mm. pyrex electrode press B. The latter carries four tungsten leads 
imbedded in a uranium sleeve C sealed to the press B. Two other 
similar leads, D, also beaded with uranium glass, protrude through 
the forward end of the envelope. 
Each of the tungsten leads serves as a conductor and support for 
the tube elements. The filament F (7-mil pure tungsten wire), is kept 
in position by two nickel prongs, 1 and 2, acting as a tension spring, 
and carrying circular ' end plates E (6 mm. in diameter) made of 
molybdenum, each provided with a hole for the filament. 
8 
(a) 
(b) 
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Fw. 1. MAGNETRON TusE WITH EXTERNAL LooP AS RADIATOR 
The oscillating system consists of a pair of semi-cylindrical anodes 
G and two yoke-shaped conductors H and J. The anodes G, made of 
two molybdenum shells facing each other and separated by two slits 
(usually 0.5 mm. wide) parallel to the axis, form a hollow cylinder 
(usual dimensions 8 mm. length and 4 mm. diameter). In order to 
keep the component parts rigidly together, each shell is welded to 
one of the legs of the U-shaped nickel yoke H at points within a few 
millimeters from the ends of the legs. A pair of flexible nickel ribbons 
I connect the yoke H with the tungsten leads 5 and 6. The latter carry 
the loop J which terminates the oscillating system. The anode supply is 
fed through a stiff nickel lead 3 welded to the midpoint of the yoke H, 
thus serving at the same time as a support for the oscillating elements. 
An additional lead 4 serves in conjunction with lead 3 to make 
connection to a getter element (RCA Barium-berylliate). 
5. Construction of Magnetron Tube With Internal Loop (Type II). 
-The tube described in Section 4 served well for a range of wave-
lengths from 8 to 17 centimeters. Below the 8-cm. wavelength it is not 
possible to make the external loop J (see Fig. I) short enough, because 
the length of the leads I, connecting the external loop J with the 
anode, cannot be reduced sufficiently. By eliminating the external 
leads 5 and 6, and by placing the entire loop J within the envelope A, 
as shown in Fig. 2, this difficulty is overcome. Besides the simplified 
construction, economy of tungsten material, elimination of the disturb-
ing capacitances produced at the seals , and better insulation, all add 
to the increased efficiency of the tube. 
An auxiliary view of the electrode structure as shown in Fig. 2b 
indicates the mounting of the electrode elements. 
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6. Effect of Length of Radiating Loop.-The wavelength emitted 
by a magnetron tube as well as its efficiency depend not only on the 
operating conditions, but also on the constants of the oscillating cir-
cuit. These constants are determined by the geometrical dimensions 
of the split anode G and the two adjacent loops H and J (Fig. 2). 
At constant diameter and length of the split anode G, and at constant 
frequency, there is for each particular length of the tank loop H a cor-
responding optimum length of the radiating loop J. The ratio of these 
lengths varies with frequency. A method developed for determining 
the optimum conditions for required frequencies will be published 
elsewhere. 
7. Preparation of Magnetron Tubes.-ln the preparation of a 
magnetron tube all the precautions applied to the usual thermionic 
vacuum tube have to be considered. They are especially important in 
laboratory work where tubes are very often subjected to extreme 
conditions of operation. Overheating of electrodes occurs quite often, 
and, if the outgassing has not been properly done, the tube becomes 
gassy. Also, due to overheating, the electrodes may become warped and 
cause changes in the tube constants. All these factors are considered in 
the following procedure. 
The split anode is prepared from a sheet of molybdenum* from 
which rectangular pieces are cut, each corresponding in size to one 
half of the anode. The length of the rectangular pieces is chosen ex-
*Nickel may be used instead of molybdenum if the anode temperature is not allowed to 
°'reed dull red heat (1100 deg. C.). 
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Fm. 3. VISE FOR HEAT-TREATMENT OF CYLINDRICAL SPLIT-ANODES 
actly equal to the length of the cylinder, while the width is about 0.5 
mm. smaller than one half the periphery of the circular end of the 
cylinder. 
The anodes are formed and heat-treated in a vise-like tool as 
shown in Fig. 3 where A is one of the molybdenum semicylindrical 
plates. The latter are placed in a groove of the jaw C, and subjected 
to pressure by means of the shaping mandril B and the upper jaw D. 
The whole assembly is then tightened by means of the bolts E. The 
core B has an extension F which serves as a handle for manipulating 
the vise during the heat treatment. 
If an electrically-heated furnace for the necessary temperature of 
about 1000 to 1100 deg. C. is not available, the vise containing the 
molybdenum plates may be heated in an oxygen-gas flame of a glass 
blower's torch. As soon as the entire vise is at a uniform dull red 
heat, indicating the appropriate temperature, it is removed from the 
hot flame and annealed by allowing it to cool gradually to room 
temperature. The anodes are now removed for mounting. 
The two split-anodes are then welded to a nickel yoke H (see 
Figs. 1 and 2). Nickel has been chosen for the yoke partly because of 
the greater ease with which it welds with molybdenum, and partly 
because it is pliable enough for alignment of the half cylinders. 
The four tungsten welds are sealed into the press, and the filament 
and anode system are mounted by welding. It is important that the 
two halves of the anode form a regular cylinder with each of the two 
spacings between them equal in width. The filament is then aligned 
coaxially with the cylinder. The press assembly is immersed in a solu-
tion of sodium dichromate and sulphuric acid for a few minutes to re-
move grease or other impurities caused byi' handling, and is finally 
dipped in distilled water and washed twice in alcohol. 
In the case of the tube shown in Fig. 1, the tubular envelope is 
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supplied with openings for the external leads 5 and 6. It is cleaned in 
the same manner as the press. The press with its entire electrode 
system is inserted into the envelope A and sealed at the base. Finally 
the protruding tungsten beaded welds carrying the external leads are 
sealed at the top. If the internal loop is used, as shown in Fig. 2, the 
latter operation is saved. 
8. Exhaust Procedure.-The tube is now ready for the process of 
outgassing. It is sealed to the vacuum system at the point L (see 
Figs. 1 and 2), and the pumps are turned on. 
In order to loosen the gases on the surface of the envelope and the 
electrodes, an electrical resistance furnace is placed over the tube, the 
temperature is adjusted to about 350 deg C. and is kept at this point 
for about half an hour. 
The furnace is removed and the electrodes are systematically out-
gassed one by one. The filament is brought to its normal operating 
temperature. The getter is then heated to a temperature (orange) just 
below the fl.ashing point. In the case of the type II tube the induction 
furnace is applied to the loop to raise its temperature to a red heat. 
The anode plates are outgassed by applying between cathode and 
anode a positive potential increasing in steps from 1000 to 4000 volts, 
first without emission for testing the insulation, and then gradually 
raising the emission. The electrodes are thereby heated by bombard-
ment of electrons first at red heat and then with increasing plate cur-
rent until an orange-yellow color temperature is observed. The total 
time of electron bombardment is usually about 15 minutes. 
At this stage, if no signs of a discharge are observable within the 
tube at anode potentials of about 2000 to 3000 volts and anode cur-
rent of 20 to 30 milliamperes ( 40 to 60 watts), the tube is ready for 
sealing off. In preparation, the constriction is heated with a pointed 
flame and the tube again pumped for about 10 to 15 minutes. The tube 
is then sealed off and immediately gettered by applying to the ter-
minals of the gettering element six volts at six amperes from a stor-
age battery. The tube is now ready for oscillation tests described in 
Section 21. 
9. Characteristics.-In order to facilitate the operation of the mag-
netron tube as an oscillator it is useful to have characteristics for 
typical tubes which show the relation of anode current as a function 
of applied voltage and magnetic field intensities. In Figs. 4 and 5 ex-
amples of such characteristics are given for a tube \\·hose dimensions 
arc indicated on the curves. 
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Frc. 4. RELATIO N BETWEEN PLATE CURRENT AND ANODE VOLTAGE 
Figure 4a shows the relation h = f (Eb) ; H = constant = 1550 
gauss. Also the intensity of radiation is given as measured by means of 
an antenna and detector at approximately twenty wavelengths distance 
from the osci llator. The curve (1, 2, 3, 4, 5) shows a rising character-
istic with a dip in the region (2, 3) . 
The maximum of radiation intensity coincides approximately with 
point 2 where the dip starts. It must be considered that in the region 
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Tubr 
Number 
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TABLE 1 
DATA O~ MAGNETRON TUBES 
I I I W ave-
I en ti Dimensions :\lag- length 
TypC' of f Tg ~ of I netic Anode Anode Filament for ~laxi-
lladiating 0 L a n R adiating . Field Potential Currentl Current mum 
Loop I oop I Loop Intensity P ower 
Gauss Output 
mm. I in mm. volt ma. amp. ").., cm. 
Other 
W avC'-
length 
A, cm. 
---- -----i- ---1 l----1---- 1---·----·----·---
Length X 
width I 1000 
2lA2l External 65 41Xl2 
l2Al2X External G.5 
67A37 External 6. 5 
I 
47A28 External I 6 ;:, 
62FG9 Internal I 6. 5 
5 1FG6 Internal I 15 
85J6* I External 6 
(Graphite 
Anode) 
41 X l2 
I 41x12 
78 x 12 
70 x 12 
SOX 12 
56X 12 
35X 12 
70X 12 
1200 
llOO 
1540 
1800 
1370 
1750 
1840 
1460 
1460 
1460 
1800 
1800 
1660 
1750 
800 
2800 
900 
450 
650 
350 
900 
950 
600 
1150 
1100 
900 
800 
900 
1300 
1100 
850 
950 
400 
1000 
360 
7 
12 
lO 
4 
9 
8 
8 
8 
4 
8 
4 
8 
8 
5 
8 
6 
9 
10.5 
4 .8 
5.0 
4. 7 
4. 7 
4.8 
4. 7 
4.9 
4 . 7 
4.9 
4 .9 
4.9 
4.7 
4. 7 
4 .65 
4 . 95 
4.90 
4.9 
4.7 
10.2 
8. 14 
7 .90 
10 .45 
10 .06 
lO . 70 
7 .58 
8.67 
16 .8 
10 .8 
13 .6 
8.0 
8.0 
7.92 
7 . 73 
9.50 
13 .9 
5.9 
Constructional details: Anode, length-8 mm., inner diam.-4 mm. Filament, lcngth- 10 mm. 
diam .- 7.5 mil s. 
•Using pr rm anent magnet. 
of oscillation (1 , 2, 3) the characteristic is not a static one, since the 
plate current and voltage during oscillation varies above and below 
certain average values. As the voltage increases to a point 4, at which 
oscillation ceases, the characteristic returns gradually to its static type 
(4, 5). The wavelength for H = 1550 gauss measured at maximum 
radiation was ,\ = 11.2 cm. 
Figure 4b shows another characteristic obtained under similar con-
ditions with the exception that the magnetic field was increased by 
about 15 per cent to H = 1800 gauss. The effect is to shift the region 
4 of maximum oscillation to higher voltages, namely, from 690 volts to 
880 volts. Further, two depressions occur in plate current with corre-
sponding maxima of oscillation at the voltage points 2 and 4. The wave-
length of the stronger oscillation decreases from,\ = 11.2 to A.2 = 8.3 cm. 
The two curves illustrate the importance of knowing the operating 
voltages and magnetic fields for specific wavelengths. 
Similar but inverse characteristic curves are obtained when anode 
voltage is kept constant and plate current observed as a function of 
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magnetic field. How the plate current is affected as a function of the 
magnetic field is illustrated in Figs. 5a and 5b. Here again the region 
of maximum oscillation coincides with the peak of plate current. 
10. Data on Magnetron Tubes.-Altogether, ninety-two magnetron 
tubes of different types and dimensions have been prepared and in-
vestigated. Table 1 contains data on selected molybdenum, nickel, and 
graphite split-anode tubes with both internal and external loops that 
gave continuous usable service in the laboratory for instructional and 
research purposes. As evidenced from the table, wavelengths from 
about 6 to 17 cm. (f = 5000 down to 1700 Mc.) are obtainable with 
these tubes. 
III. THE MAGNET 
11. General Requirements and Considerations for Production of 
Magnetic Field.-The magnetron tube differs from all other short-wave 
oscillators in that it requires a constant magnetic field within the anode 
cylinder in the direction of its axis. This field forces the electrons to 
move in trajectories which bring about energy transfers to the ad-
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FIG. 7. MAGNETRON OSCILLATOR WITH PERMANENT MAGNET 
AND RESONANCE CHAMBER 
8 
jacent circuit at high frequency. The constancy of frequency requires 
constancy of the magnetic field. It is therefore quite important to 
design magnets to suit this requirement. The requirements may be 
satisfied by using permanent magnets or electromagnets. In cases 
1 
l 
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FIG. 8. DETAILS OF MAGNETRON OSCILLATOR WITH PERMANENT MAGNET 
KEY FOR FIGS. 7 Al\D 8 
1, 2. Permanent magnets 
3. Frame for permanent magnets 
4. Oscillator box 
5. Tube holder 
6. Radiating loop 
7. !(nob for adjusting magnet frame 
8. Flanges for guide 
9. Adjusting screw for magnet 
10. Tension spring for magnet 
11. Diaphragm 
12. Knobs for sliding diaphragm 
13. Guiding slots for diaphragm 
14. Magnetron tube 
15. Condenser and choke assembly 
16. Support for oscillator 
17. Turntable 
18. Handle for turntable 
19. Stand 
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where a number of frequencies have to be produced by the same tube 
the range of field intensities which have to be established with a given 
magnet must be at least in proportion to the range of frequencies. Both 
permanent magnets and electromagnets of proper design are adaptable 
for such conditions. 
The advantages of the permanent magnet are that its weight is 
comparatively small and that no external direct current source is 
necessary to sustain the field. On the other hand, the aging of perma-
nent magnets presents a serious disadvantage in their use. However, in 
the laboratory the electromagnet has the advantage of a larger range 
of magnetic fi eld intensities. It requires special regulating equipment 
for preventing variations due to temperature and line voltage fluctua-
t ions. Generally, for instructional purposes, and for most laboratory 
work, the electromagnet is more serviceable. 
12. Permanent M agnet.-A design of a simplified oscillator making 
use of permanent magnets for producing the necessary magnetic flux 
through the anode of the magnetron tube is shown in Fig. 6. Two 
permanent magnets A and B, made of an alumi~um-nickel cobalt 
a lloy (Alnico) , or any other alloy having suitable characteristics of 
high magnetic retentivity , are fixed in a rectangular frame C. 
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This frame consists of four brass bars, two of which are grooved. 
The magnets are slid into the grooves E in such a manner that the 
like poles face each other. Thus, the flux passing through the tube D 
from the north to the south poles combines to increase the intensity of 
the field within the anode cylinder. By using Alnico magnets of the 
dimensions shown, a resultant field of 860 gauss was obtained. It is 
possible to use only one magnet in the same frame if the other is re-
placed by a brass dummy to keep the single magnet in position. In 
this case, however, the field strength is only about 700 gauss. 
The frame C fits within a rectangular box F. It is supplied with 
a brass tube G for supporting the magnetron D, and with a sliding 
diaphragm H. The latter has a circular opening I through which the 
radiating loop J or the tube D may pass. Two knobs K are provided 
for adjusting the correct position of the diaphragm along the chamber 
L. A narrow slit Y is cut in the wall of the chamber to guide the 
diaphragm. The chamber is terminated by a flange M for connecting 
to guides, horns, or any other transmission or radiation system. The 
tube is connected electrically to the external circuit through a system 
of chokes and condensers in a manner which will be described in 
Section 16. 
For many types of experiments it is desirable to vary the field 
strength through the anode. This may be done by rotating two soft 
iron bars P, attached to shafts Q (shown in broken lines), so as to 
shunt a part of the field in each of the magnets. A much simpler 
method, however, is to move the magnetron along its axis across the 
field or to slide the magnets perpendicular to the axis of the tubes; 
this method is shown in Fig. 6. By means of an adjusting screw R, 
acting against the magnet, and a tension spring S, set in the groove E, 
fine variations may be achieved in the magnetic field passing through 
the tube. Coarse adjustment is obtained by shifting the frame C 
across the chamber L, and locking the frame by means of screw T. 
Figure 7 gives a general view of the oscillator mounted on a sup-
porting stand: the main component parts are shown on Fig. 8. 
13. Design and Construction of Electromagnet.-The usual elec-
tromagnets in connection with magnetrons consist of one or two sole-
noids supplied with an iron core and pole pieces extended towards the 
tube. It was found that such arrangements produce strong stray fields 
which cannot be utilized since they by-pass the magnetron anodes. 
Due to their inefficiency their excitation requires high current densities 
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Fir.. 10. MAGNETRON OSCILLATOR WITH ELECTROMAGNET (MOUNTED VERTICALLY), 
TuHNTABLE GumE, AND CrncuLAR HORN 
KEY 
I. Upper part of elect romagnet 
2. J .. ower part of e lectromagnet 
3. Upper coil of magnet 
4. Lower coil of magnet 
6. Magnetron tube 
8. Terminal board and condenser 
choke assembly 
10. Guide lo horn 
14. Round horn 
17. Turntable 
18. Handle for turntable 
19. Stand 
causing overheating of the coils during continuous use. The new elec-
tromagnets were designed with the purpose of overcoming these dif-
ficulties, and for providing convenient adjustable mechanically stable 
supports, also electrically appropriate coupling of the magnetron tube 
with various radiating systems. 
The magnetic circuit (Fig. 9) consists of two symmetrical parts, 
A and B, made of Armco iron, with their ends notched so as to fit one 
against another. Each part consists of four outside legs, C and D, and 
the cores, E and F. The legs are held together by common plates, 
G and H. Two methods of turning out each half can be used. One con-
sists of turning each part, A or B, out of one solid piece. This method 
avoids increased reluctance at the connecting surfaces, but requires 
special tooling. This increased tooling and material may be saved by 
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FIG. 11. DETAILS OF MAGNETRON OSCILLATOR WITH ELECTROMAGNET 
KEY 
1. Upper part of electromagnet 
2. Lower part of electromagnet 
3. Upper coil of magnet 
4. Lower coil of magnet 
5. J nner cores of magnets 
6. i\l agnetron lube 
7. Tube holder 
8. T erm inal board and condenser 
choke assembly 
9. Coupling attachment 
10. Guide to horns 
l l. Guide to horns 
12. Parallel wire attachment 
13. Square horn 
16. Support for oscillator 
17. Turntable 
18. H and le for turntable 
19. Stand 
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making the legs, main plates, and cores separately, and joining them 
by bolting. 
The coils I and J wound on brass spools, K and L, fit snugly oYer 
the cores between the legs of each half of the magnet. The two halves 
are held together by means of brass plates M and N which at the 
same time serve to support the magnetron tube 0 and the radiating 
system R, T. · 
The electromagnet is shown in Figs. 10 and 12 as part of the 
general view of the oscillator, while the details are presented in 
Fig. 11. 
The computation of the dimensions of the magnetic and electrical 
circuits is a matter of known procedure.* The principal data on the 
electromagnet is specified in Table 2. 
*"Fundamentals of Electrical Design" by A. D. l\foore, ~IcGraw-Hill Book Company. 
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Fm. 12. MAGNETRON OSCILLATOR WITH ELECTROMAGNET 
(MOUNTED HORIZONTALLY), TURNTABLE, AND SQUARE HORN 
KEY 
I. Upper part of electromagnet 
2. Lower part of electromagnet 
3. Upper coil of magnet 
6. Magnetron tube 
8. Terminal board and condenser 
choke assemhly 
TABLE 2 
13. Square horn 
16. Support for oscillator 
17. Turntable 
18. H andle for turntable 
19. Stand 
DATA ON ELECTROMAGNET 
::\Iaterial of magnetic circuit . ... .......... . 
Diameter of core at poles .. . 
1 ,cngth of air gap . .......... . 
Field strength at 0.5 amp ......... . .. .. . 
Number of coils ............. . 
Number of turns per coil. .. . 
Total number of turns . .. 
Ampere-turns at 0.5 amp 
Size of copper wire . .... . 
Ius ulation of coppC'r wire. 
Resistance per coi l. ............... . 
Total res istance for series connection . .. 
Total resistance for paralle l con nectio n. 
Energy dissipation at 0.5 amp .. 
TPmperaturc rise at 0.5 amp .. .. 
•\.Veight without support . . .. 
Weight of support with turntable. 
Armco iron 
l Ys in. (28.5 mm.) 
l Ys in . (28.5 mm.) 
1900 gauss 
2 
4200 
8400 
4200 
No. 22 B & S ga. 
l'namcl single cotton 
48. 5 ohms 
97 .0 ohms 
24.25 ohms 
24.2.5 watts 
13 deg. C. 
38 lb. 4 oz. 
13 lb . 
*Jncl ucling tube holder, stubs, and coupling attachment. 
4'000 
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Fm. 13. RELATION BETWEEN CURRENT AND GAP F1ELD INTENSITY 
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14. Experimental Data.-The actual intensity of the magnetic 
field as a function of the excitation current was measured in the gap 
by means of a fluxmeter, and is shown plotted in Fig. 13. The curve 
indicates that intensities of from 0 to 3000 gauss are readily obtainable 
without exceeding the temperatures prescribed for electromagnets. The 
values were obtained using the two coils connected in series. Obviously, 
for parallel connection the line voltage is halved, and the supply cur-
rent necessary for the same field strengths must be doubled. The maxi-
mum temperature at the poles reached under continuous operation 
at 25 deg. C. room temperature are indicated on the curve. The stray 
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fields measured just along the periphery passing around the junction 
line of the legs were so small that they could not be measured with 
the usual fluxmeter. 
IV. RADIATORS 
15. Magnetron Tube Oscillator.- In order to utilize the ultra-high 
frequency oscillations produced by the magnetron tube it is necessary 
to have the tube properly mounted and wired within the electromag-
net. It is also important to provide means of coupling the tube to 
transmission lines of various forms and to different radiating systems. 
Further, for investigating radiation patterns it is useful to have the 
angular position of the radiating system movable along a horizontal 
or a vertical axis. A complete oscillator must therefore contain a 
variety of attachments which would be flexible enough for the main 
tasks encountered in the laboratory. A pictorial view of the complete 
oscillator and of its parts is given in Figs. 10, 11, and 12. A descrip-
tion of the component parts follows. 
16. Arrangement of Magnetron Holder With Choke Stubs.- In 
order to provide a stable support and convenient connections to the 
power sources a holder has been provided as shown in Fig. 14. It 
consists of a plate A, bolted to the legs of the electromagnet B. This 
plate is supplied with a brass tube C, into which the magnetron tube 
D fits, and can be rotated through small angles in the magnetic field 
by moving the tip E. The plate A carries at right angles another plate 
F, provided with a circular opening into which is mounted an assembly 
carrying binding posts G, a blocking condenser system H, and a pair 
of adjustable filament chokes I for preventing propagation of radio 
frequency waves along the supply line. A bakelite disk J keeps the 
chokes and the leads connecting the binding posts with the power 
cable K firmly in position. How the different circuit elements of the 
tube are connected with the condenser chokes and power supply is in-
dicated in the connection diagram adjoining Fig. 14.* 
17. Coupling of Oscillating Circuit to Radiating Systems .-The 
oscillation energy developed in the magnetron may be utilized by 
coupling the radiating loop of the magnetron in various ways. 
For studying waves along wires, a Lecher wire system may be 
coupled inductively to the tube by means of an attachment, as shown 
in Fig. 15. It consists of a cylindrical brass tube A, which fits snugly 
*The details of construction o f a condenser-choke assembl y in an ultra -high freq uency system 
are described in th e book , "Ultra -High Frequency Techniques," by Brainerd, !{oehl er, Reich, and 
Woodruff , 1942, p. 302. 
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FIG. 14. MAGNETRON TUBE HOLDER WITH CHOKE STUBS FOR FILAMENT CIRCUIT 
over the front end of the magnetron envelope. A pair of brass tubes B 
are soldered to the outer part of the sleeve A. Into these can be slid a 
U-shaped wire C, as shown in Fig. 15a, to complete the closed Lecher 
system, or two single wires D may be inserted to form an open Lecher 
system, as shown in Fig. 15b. The inductive coupling can be adjusted 
by rotating or shifting the sleeve A relatively to the loop of the 
magnetron. 
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FIG. 15. ATTACHMENT FOR STUDYING STANDING WAVES AWNG WIRES 
For experiments in which waves in free space are investigated, it is 
necessary to provide means of directing the radiation by means of 
horns. How to couple the magnetron to a horn is shown in Fig. 9. For 
this purpose the Lecher system is replaced by a square or circular in-
termediate attachment T, as shown in Fig. 9. The attachment consists 
of three parts, a sleeve, a funnel, and a plate N. This attachment is 
inserted between the legs and pole pieces of the magnet, and fastened 
to the magnet proper by means of thumb screws S as shown in Fig. 9. 
Extensions in form of horns, either square or round, depending upon 
the shape of the intermediate piece, also may be attached by means of 
the thumb screws S to the same plate N. 
Whenever it is necessary to transmit the oscillations along trans-
mission lines or guides, proper chambers can be inserted between the 
transmission units and the intermediate attachment T (see Fig. 9) . 
18. Turntable With Stand for Supporting Oscillator.-Optical 
properties of the microwaves in space, such as reflection, refraction, 
polarization, standing waves, and intensity patterns of beams, may be 
studied readily by providing means of gradually sweeping the beam 
in two planes of polarization. 
A mechanically simple and convenient arrangement is shown in 
Fig. 16. The base A of the electromagnet rests upon a metal plate B 
which has a circular ridge C. The latter fits into a circular groove D, 
cut in a lower plate E. A four-legged stand F supports the plate E. 
A pivot G centers the magnet with plates B and E. By means of a 
handle H the electromagnet may be swiveled, and the angular position 
indicated in degrees by the pointer J upon the dial I . 
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FIG. 16. T U RNTABLE WITH STAKD FOR SUPPORTING OSCILLATOR 
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In order to sweep the magnetron oscillator in a vertical plane of 
polarization the electromagnet is lifted from the turntable and placed 
on its side as shown on Fig. 12 so that the legs rest on the turntable 
base. For centering in this new position, pins in the legs of the electro-
magnet and corresponding holes in the turntable arc provided. 
Thus the construction described in the foregoing sections is adapta-
ble to multifarious experiments with microwaves. 
v. OPERATION OF OSCILLATOR 
19. General Operating Requirements.-For proper operation it must 
be considered that discrete values of voltage, magnetic field , and space 
charge conditions, must be established within the tube for definite 
frequencies of oscillation. Further, the constancy of amplitude of oscil-
lation, most important for all quantitative experiments, requires stable 
sources of power for anode, filament, and magnetic field. It is desir-
able that meters be inserted in all the circuits for controlling these 
conditions. 
20. Magnetron Oscillator Circuit.-The general diagram of connec-
tions is shown in Fig. 17. The filament is heated by a transformer A, 
whose output is 6.3 volts at 110 volts input. A variac B is connected 
in the primary of the transformer for controlling its output voltage. 
An ammeter C (0-5 amperes) serves to indicate the filament current. 
The line voltage supplying the variac is usually stable enough for 
qualitative experiments, if a line voltage regulator D of the resonance 
or magnetic satur1;1tion type is inserted in the line. However, it is not 
sufficient in itself for quantitative experiments. In this case storage 
batteries are recommended for the filament. 
28 
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FIG. 17. DIAGRAM OF CONNECTION FOR MAGNETRON OSCILLATOR 
Precise control of the plate voltage and current is necessary for all 
kinds of experiments because of the danger of damaging the magne-
tron tube due to sudden overloads peculiar to magnetron oscillators. 
Such controls are obtained by inserting in the output of the conven-
tional direct current power supply E, whose input is regulated by a 
variac F, a voltage stabilizer G in addition to a current stabilizer H 
of the thermionic type. Examples with detail diagrams of such stabiliz-
ing circuits may be found in the literature.* 
The anode currents and voltage may be measured by means of suit-
able meters, I and J, respectively. 
If electromagnets are used for supplying the magnetic field, a 
simple series circuit using a pair of rheostats K and L, connected in 
parallel for rough and fine control, may be used for regulating the 
current. In this case the two magnets M are also connected in series, 
and an ammeter 0 is placed in series with the 110 volt D.C. line. 
Storage batteries are recommended for precise measurements. In the 
*
11 Ultra -High Frequency Techniques ; " Brainerd, K oehl er, Reich , and \Voodruff , p. 74 . 
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latter case the two magnets may be connected in parallel in order to 
reduce the required battery voltage to approximately 24 to 30 volts. 
21. Operating Procedure.-It is advisable that the operating con-
ditions which are usually given for each magnetron tube be referred to 
before turning on the power supplies. 
Preferably, the current excitation for the magnets is turned on 
(Sw 1, Fig. 17) a few minutes early to allow the coils to heat up to 
their normal operating temperatures, thus reducing changes in mag-
netic field strength due to increased coil resistance produced by tem-
perature rise. It is advisable to adjust the rheostats K and L gradu-
ally from maximum resistance down to approximately their normal 
position. 
With the filament variac set to zero voltage, the switch Sw 2 is 
turned on and the variac brought up until the approximate required 
heating current is observed on the ammeter C, Next, the filaments for 
the power supply E are turned on by the switch Sw 3 and then, with 
the variac F set to zero, the plate supply switch, Sw 4, and also the 
switches (not shown in the figure) for the filaments of the voltage and 
current regulators G, H, are turned on. Finally, the variac F is slowly 
turned up until the voltmeter J and the milliammeter I show approxi-
mate operating values. 
Before adjusting for oscillation a receiYer, consisting of an an-
tenna doublet a few centimeters in length connected through a crystal 
detector to a microammeter, is placed in front of the horn N or ad-
jacent to any other radiator being used. This receiver serves as an 
indicator of oscillation. The tube is turned so that the axis of the anode 
deviates from the direction of the magnetic field from 3 to 10 deg. 
If oscillations do not set in, this angle is slightly reset and fine ad-
justments are made consecutively in filament current, anode current, 
anode voltage, and magnet current by adjusting controls B, F, and L. 
This order of adjustment is repeated until an indication of oscillation 
is observed on the doublet detector receiver. Once oscillation sets in 
the same order of adjustments are repeated in still smaller steps until 
the meter of the receiver reaches a maximum deflection. 
VI. SUMMARY 
22. Summary.-A magnetron oscillator for wavelengths from 6 to 
17 centimeters (5000 down to 1700 megacycles) has been designed and 
developed for use either in the research laboratory or for instruction. 
It consists of a split-anode magnetron inserted between the pole pieces 
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of a magnet whose housing serves to couple the magnetron oscillating 
circuit to transmission systems of various types. Two methods for pro-
ducing and controlling the magnetic field have been applied, a perma-
nent magnet system for the longer wavelengths, and a more powerful 
electromagnet for the shorter waves. A turntable supported on a stand 
allows either type of oscillator with its magnet to swing in a horizontal 
plane. By mounting the oscillator in two distinct positions, either up-
right, or on its side, the radiating beam may be swept either in the 
plane of polarization or perpendicular to it. 
23. Results.-The magnetron oscillator proved effective for research 
purposes, testing, and various types of experiments designed to demon-
strate the properties of microwaves. The following experiments per-
formed in the laboratory, may serve as examples of the application 
of the oscillator: 
(1) Testing of about 90 magnetron tubes of different types and 
dimensions as oscillators. 
(2) Determination of static and operating characteristics of os-
cillators. 
(3) Determination of dimensions of circuit elements for definite 
frequencies. 
( 4) Study of transmission along parallel wire systems, coaxial 
cables, and guides. 
(5) Comparative study of various radiating systems. 
(6) Determination of wavelength by various methods. 
(7) Calibration of crystal detectors and bolometers. 
(8) Study of radiation patterns of reflectors, horns, and guides. 
(9) Decrease of radiation intensity as function of distance from 
source. 
(10) Polarization, reflection, and refraction of radiated beams. 

